Objective: To study attention-deficit/hyperactivity disorder (ADHD) symptoms and DSM-IV subtypes in childhood and adolescence. Method: A total of 457 adolescents ages 16 to 18 years from the Northern Finland Birth Cohort 1986 participated in an epidemiological survey for ADHD. After assessment with a diagnostic interview those with current or childhood ADHD were classified using DSM-IV criteria. Childhood diagnosis of ADHD was set according to retrospective recall. The characteristics and relationships in ADHD symptomatology in childhood and adolescence were studied in relation to behavioral problems and parental history of attentional problems. Results: ADHD was reported more commonly in childhood than in adolescence and variations in subtype classification occurred. Those with childhood and adolescent diagnosis had endorsed specific inattentive symptoms more commonly, had greater comorbid major depression and/or oppositional defiant disorder, and had fathers with more reported attentional problems than those with only childhood diagnosis. In childhood, ADHD subtypes differed along symptom severity, but by adolescence these differences were no longer significant. Conclusions: The persistence of ADHD from childhood to adolescence may be common. Specific inattentive symptoms, certain psychiatric comorbidity, and family history of attention problems (fathers specifically) contribute to the risk of persistent ADHD. ADHD subtype differences reflect symptom severity differences in childhood that are negligible by adolescence.
The aim of this work was to study the diagnosis and symptoms of adolescent attention-deficit/hyperactivity disorder (ADHD) and their association with childhood symptoms. ADHD has its onset in early childhood and the disorder often persists into adolescence and adulthood (American Psychiatric Association, 1994; Biederman et al., 1996; Costello et al., 2003; Wilens et al., 2002) . Various factors, including family history of ADHD, childhood severity of ADHD, psychiatric comorbidity, and psychosocial adversity, have been suggested as predictors of persistence in referred samples . However, few studies have investigated factors related to the continuity of ADHD behaviors in the general population (Kashani et al., 1989; McGee et al., 1991; Taylor et al., 1996) . To our knowledge, there are no studies providing information about relationships in ADHD symptoms and subtypes between childhood and adolescence and their associations with behavioral and family characteristics.
Because of the heterogeneity of symptoms in ADHD, three different subtypes are distinguished in the DSM-IV classification: predominantly inattentive, (American Psychiatric Association, 1994) . Although the inattentive and combined types seem to be more prevalent than the hyperactive-impulsive type in community samples, there are temporal changes in proportional occurrence (e.g., Gaub and Carlson, 1997; Graetz et al., 2001; Hudziak et al., 1998; Nolan et al., 2001; Wolraich et al., 1996) . It has also been suggested that in some children, hyperactive symptoms may remit upon advancing age (El-Sayed et al., 2003; Pearson et al., 1991) , whereas inattentive symptoms may even increase (Applegate et al., 1997) .
There is a growing body of literature about the differences in impairment between the subtypes (e.g., Burns and Walsh, 2002; Hudziak et al., 1998; Todd et al., 2002; Warner-Rogers et al., 2000; Weiss et al., 2003) , indicating that the children with combined type tend to show the most severe impairment both in community samples (Gaub and Carlson, 1997; Graetz et al., 2001) and in clinic-referred samples (Faraone et al., 1998; Gadow et al., 2004; Hinshaw, 2002) and that they also continue to have difficulties in young adulthood (Murphy et al., 2002) . These findings raise two interesting questions: is the combined type more persistent than the other subtypes, and are the inattentive and hyperactive-impulsive symptoms similar in the combined type compared with the predominantly inattentive and hyperactive-impulsive types? Some studies report high correlations between the sluggish cognitive tempo (SCT) items (daydreaming, low energy, and drowsiness) and the inattentive subtype and even suggest that there may be two types of inattentiveness (Carlson and Mann, 2002; McBurnett et al., 2001; Todd et al., 2004) .
This study focused on the characteristics of the ADHD symptoms in childhood and adolescence across DSM-IV ADHD subtypes, and the relationships between ADHD symptoms in childhood and adolescence.
METHOD

Study Population and Procedure
The study population was derived from the Northern Finland Birth Cohort 1986. This cohort comprises the children in northern Finland whose expected date of birth fell between July 1, 1985 and June 30, 1986 (N = 9,479, live born 9,432; Järvelin et al., 1993) . They have been prospectively studied since the prenatal period. When the children were 15 years old (N = 9,215) their parents were sent questionnaires that included The Strengths and Weaknesses of ADHD-Symptoms and Normal-Behaviors (SWAN) rating scale for ADHD symptoms (Swanson et al., 2001a; . We received 6,985 completed questionnaires (76%), of which 6,622 were adequately completed, and parents agreed the use of their children`s data. All of the adolescents scoring above the 95th percentile in the distribution of the SWAN questionnaire and currently living in northern Finland (N = 487) and a random sample of adolescents scoring below the 90th percentile, matched for sex and place and year of birth (N = 315) were invited to take part in a clinical examination at Oulu University Hospital or in the municipal medical centers in Kajaani and Rovaniemi. A total of 464 16-to 18-year-old adolescents, including 268 from the symptomatic group (referred herein as SWAN cases) and 196 from the control group (referred herein as SWAN controls) with their parent(s) participated in this phase. The adolescents attended either with their mother (70%), father (18%), or both parents (12%). Before the final analyses, we excluded those with an estimated IQ <70 based on parts of the WAIS-III (Wechsler, 1981) administered on the day of examination and those with genetic abnormality (seven adolescents). Consequently, the final analyses included the data of 457 adolescents (see Smalley et al., 2007 for further detail).
On the day of examination the parent(s) were interviewed by using the Finnish translation of the semistructured Schedule for Affective Disorders and Schizophrenia for School-Age ChildrenPresent and Lifetime Version (K-SADS-PL, Kaufman et al., 1997) . Whenever both parents were available, they were interviewed together. The adolescents first completed some neuropsychological tests after which they were interviewed by using the K-SADS-PL. Both informants signed an informed consent form. The master`s degreeYlevel interviewers were blind to the adolescents`SWAN screening status and followed a standardized procedure using a Best Estimate method to combine the information. An estimate of the adolescent`s overall functioning was made using the Children`s Global Assessment Scale (CGAS, Shaffer et al., 1983) . Child and adolescent psychiatrists working at Oulu University Hospital and the University of California, Los Angeles (UCLA), confirmed all of the diagnostic assessments. In addition to this process, the child and adolescent psychiatrists from Oulu (I.M., H.E.) reviewed approximately every tenth interview, whereas those from the UCLA (J.McG.) reviewed five interviews to ensure the consistency between the raters. Interrater reliability was established between the Finnish team for definite ADHD diagnoses (0 = 0.70) and other psychiatric diagnoses (0 = 0.77). This screening and study procedure has been described in detail elsewhere in this issue (Smalley et al., 2007) .
Measures
The present analysis was restricted to individuals with a definite adolescent ADHD diagnosis or a definite childhood ADHD diagnosis (see Smalley et al., 2007 , for elaboration of the diagnostic groupings). The adolescent diagnosis, based on current ADHD symptoms and the childhood diagnosis, was set according to retrospective recall of the informants based on the interview using the K-SADS-PL and following the criteria in the DSM-IV. Other disorders under investigation in the present study included conduct Note: Bold type describes the factor solution. ADHD = attention-deficit/hyperactivity disorder.
TEMPORAL CHANGES IN ADHD SYMPTOMS disorder (CD), oppositional defiant disorder (ODD) and major depressive disorder. To receive a diagnosis of CD or ODD the proband had to meet all of the criteria, with the exception that ODD was not excluded even when CD was diagnosed. For base rates of ODD and CD in the sample (Smalley et al., 2007) , the typical exclusion rule (if CD, then ODD no longer given) did apply. However, for the present study both CD and ODD were allowed, and consequently a proband could receive both diagnoses. The parents provided questionnaire-based information about their own attention problems using the ADHD-Rating Scale-IV (DuPaul et al., 1998) , Family Type, which was dichotomized as intact family (both biological parents living together with the proband) and nonintact family (single-parent families, divorced or remarried parents) and gross family income per year. The average income per household in the year 2003 was drawn from the statistics provided by Statistics Finland (2005) . A prospective measure of childhood hyperactivity was taken from the sum score of the three hyperactivity items (item 1, the child is restless, does not have patience to sit down for a long period of time; item 3, wriggles and is restless; and item 16, is not able to concentrate on anything for a long period of time) on the Rutter B2 questionnaire for teachers (Rutter, 1967) , which was completed when the probands were 8 years old. SPSS Software Package version 13.0 was used for data analysis. We used the Pearson 2 test for nominal variables and suitable parametric tests (e.g., Student t test, analysis of variance) for normally distributed continuous variables. A principal axis factor analysis with varimax rotation (eigenvalue 1 as a criterion for number of factors) was used to explore the symptoms, and a logistic regression model was constructed to study the predictors of the persistence of ADHD symptoms. In general, analyses were done separately for boys and girls, but the results were similar for both sexes; for logistic regression, sex was treated as a covariate.
RESULTS
A definite diagnosis of ADHD either in childhood or in adolescence was established for 163 subjects (140 subjects were originally SWAN cases and 23 were SWAN controls). The diagnosis of definite ADHD was more common in childhood than in adolescence (n = 148 versus n = 105). The most prevalent subtypes were the combined type in childhood (n = 64, 43%), in which group boys were overrepresented (n = 50 boys versus n = 14 girls), and the inattentive type in adolescence (n = 67, 64%; n = 48 boys versus n = 19 girls). The hyperactive-impulsive type was the least prevalent subtype in childhood and adolescence (see Fig. 1 ). There were 15 adolescents in this sample who met the full symptom criteria for ADHD only in adolescence. Eleven of those were originally SWAN cases (3 boys and 8 girls) and 4 SWAN controls (all boys). All of them had three to five symptoms of ADHD before age 7 years; otherwise there was no distinct pattern of symptoms among those adolescents. This group was included in the analyses as meeting a definite, persistent diagnosis of adolescent ADHD, but they were not accounted for analyses for childhood diagnosis. We presumed that the lack of sufficient symptoms is due to recall bias.
Associations Between ADHD Subtypes and Behavioral and Family Characteristics
Among adolescents, those with combined subtype had significantly more disruptive disorders (50%, 2 = 21.035, p < .001 for CD; 60%, 2 = 17.645, p = .001 for ODD) than those with the other subtypes. Because the CGAS scores reflect psychiatric comorbidity as expected, the adolescents with combined subtype also had lower CGAS scores (mean 61.4) compared to those with the inattentive subtype (mean 67.2, F = 4.488, p = .023). There were no differences in parental attention scores between the adolescents with combined or inattentive subtypes; however, there were significantly more attention problems among fathers (mean 28.5) of adolescents with combined than those with hyperactive-impulsive subtype diagnoses (mean 21.0, F = 4.405, p = .016). The inattentive children had a significantly later age of onset for ADHD (mean 6.4) than those with the other subtypes (combined mean 5.1, hyperactive-impulsive mean 5.0, F = 17.192, p < .001). There were no sex differences.
ADHD Symptoms in Childhood and Adolescence
Using traditional factor analysis on the 18 DSM-IV symptoms reported in childhood, a three-factor solution fit best; in adolescence, a four-factor solution provided the best fit. The factors were determined from the report of symptoms coded 1 to 3 (1 = not present, b Childhood ADHD symptoms = mean for the sum scores of the DSM-IV childhood ADHD symptoms reported retrospectively. c Hyperactivity at 8 years = mean for the sum scores of the three hyperactivity items on the Rutter B2 questionnaire for teachers collected prospectively. d Childhood distractibility = mean for the sum scores of distractibility symptoms. e Childhood dreamy = mean for the sum scores of dreamy symptoms. f Childhood hyperactive-impulsive = mean for the sum scores of hyperactive-impulsive symptoms. g, h Attention problems of parents = mean for the sum scores on the ADHD-Rating Scale-IV (DuPaul et al., 1998) . 2 = probable, and 3 = definite), and factors were named as follows to reflect the age (childhood or adolescent) and items loading on them: childhood distractibility factor, childhood dreamy factor, childhood hyperactivityimpulsivity factor, adolescent distractibility factor, adolescent dreamy factor, adolescent hyperactivity factor, and adolescent impulsivity factor (see Table 1 for items and loadings [i.e. correlations between the item and the factor]).
A comparison of the symptom sum scores defined by factors across subtypes (Table 2) in childhood and adolescence illustrates that children with combined subtype were more severely inattentive than children with inattentive subtype (t = 4.126, p < .001), as well as more hyperactive-impulsive than children with hyperactive-impulsive subtype (t = 2.130, p = .036), supporting the idea of increased severity by symptoms. There were, however, no differences across subtypes for the Bdreamy^factor, a factor defined by items potentially reflecting aspects of working memory (e.g., loses things, forgetful). Furthermore, all of the differences seen across subtypes in the childhood data were absent in adolescence. Again, the results were similar for both sexes. Figure 1 illustrates the relationships between the subtypes in childhood and adolescence. In all of the subtype groups, children showed either remission or persistence of ADHD diagnosis. The hyperactiveimpulsive children remitted more often than children with other subtypes. Most commonly those with the combined type of diagnosis in childhood tended to meet only the inattentive subtype diagnosis in adolescence.
ADHD Subtypes and Symptoms in Childhood and Adolescence
We studied the relationships between ADHD symptoms in childhood and adolescence in more detail by dividing the subjects into two groups depending on their diagnostic status: those with only childhood ADHD diagnosis (remitting group) and those with childhood and adolescent ADHD diagnosis (persisting group). Fifty-eight (41 boys, 17 girls) children with a diagnosis of childhood ADHD experienced remission after childhood (i.e., had no or some symptoms in adolescence). Of the 105 (76 boys, 29 girls) subjects with persistent ADHD, 63 belonged to the same ADHD subtype group in childhood as now in adolescence, whereas 27 belonged to different subtypes (Fig. 1) . The majority of those 15 adolescents with full diagnosis only in adolescence endorsed the same kind of symptomatology in childhood and adolescence. The adolescents in the persisting group had significantly lower CGAS (t = 4.862, p < .001), more dreamy symptoms in childhood (t = Y3.452, p = .001) and had fathers with more attention problems (t = j2.153, p = .034) than the remitting group (Table 3) . (Because the CGAS score is in part influenced by the presence of ADHD itself, this finding needs to be interpreted with caution.) The adolescents in the persisting group also had elevated risks for major depressive disorder (OR 8.77) and ODD (OR 2.39) in the childhood period (13 years of age or younger).
DISCUSSION
About two thirds of the adolescents with current ADHD endorsed similar ADHD symptomatology already in childhood, whereas some endorsed different symptoms. Overall, the persistence of the diagnosis was common in this clinical study population. Persistence of ADHD was predicted by certain inattentive symptoms in childhood, early-onset depression or ODD, and attention problems in fathers, which is consistent with findings reported among referred children . The adolescents who persisted had more Bdreamy^symptoms (following instructions and organizing tasks difficult, avoiding tasks, being forgetful, and losing things), which may reflect the cognitive endophenotype of working memory that is so clearly evident in the Northern Finnish Birth Cohort 1986 sample (see Loo et al., 2007) . Other studies have reported persistence of ADHD especially in individuals with inattentive type (e.g., Gaub and Carlson, 1997) , which may reflect the strong relationship of certain inattentive symptoms with persistence. Consequently, it seems that the subtypes of ADHD may be less significant with respect to persistence but that specific inattentive symptoms may be more important. We found support for a similar set of a Bdreamy,^inattentive construct in a previous analysis of affected sibling pairs in the UCLA sample (Smalley et al., 2000) . Overall, there is little support in these data for substantial stability of subtypes from childhood to adolescents, although the majority of those who moved from one subtype group to another from childhood to adolescence shifted from the combined type to the inattentive type. These findings are consistent with that of a maturational lag in ADHD reviewed by Clarke et al. (2001 Clarke et al. ( , 2002 and also that reviewed by Faraone and colleagues (2006) showing remission in hyperactive symptoms with age.
The remitting hyperactive-impulsive symptoms in some children may actually be symptoms of other behavioral problems (i.e., an ADHD phenocopy). These individuals may be Bdifficult children^who are hard to manage by care providers because of their temper tantrums and oppositional behavior, but adopt more appropriate behavior as they age. That may be the explanation for our finding that hyperactive-impulsive symptoms remitted totally more often than symptoms of the other subtypes. In some cases these hyperactiveimpulsive symptoms may be caused by difficult temperament or childhood depression because sadness may present as irritability in young children (American Psychiatric Association, 1994) . A diagnosis of ADHD among preschoolers should be set cautiously after comprehensive examination of the child and family.
In general, ADHD subtypes show severity differences in childhood that are no longer evident by adolescence. At adolescence, symptom differences are not evident, but a history of comorbid oppositional disorder and paternal attentional problems differentiate combined from other subtypes. There is a slight difference in age of onset for the inattentive subtype, consistent with previous studies (Applegate et al., 1997; Willoughby et al., 2000) , although the age reported is probably the age of symptom recognition rather than the age of onset of ADHD. The increased severity of the combined subtype in childhood may be, in part, specific to certain symptoms. For example, children with ADHD-combined type were significantly more easily distracted, had more difficulties in sustaining attention, were more often reported as not listening, and made more careless mistakes than the inattentive children. Both groups (combined and inattentive) showed similar severity on the dreamy scale (i.e., items related to difficulties in following instructions and organizing tasks, avoiding tasks, being forgetful and losing things). Many of these items are comparable to the SCT items and this suggests that there are no differences between combined and inattentive subtypes on SCT-like items in contrast to that suggested by Hartman and colleagues (2004) . The children with ADHD-combined type also had significantly more hyperactive-impulsive symptoms than children with ADHD-hyperactive-impulsive. Taken together, these findings support the hypothesis that subtypes reflect quantitative differences not qualitatively distinct classes, a finding that is consistent with that reported at the population level using the SWAN instrument (see Lubke et al., 2007) . Considering ADHD as an extreme along a single continuum, the combined subtype in childhood would reflect the most extreme of the distribution.
As in many previous studies, ADHD-hyperactiveimpulsive type was the least prevalent subtype, which should be taken into consideration when interpreting these results. On the whole, it seems that the hyperactiveimpulsive children and adolescents are the least impaired individuals. Moreover, it may be presumed that the exclusively hyperactive symptoms of children with a great deal of energy are more related to temperamental traits than to ADHD, as suggested by Todd and colleagues (2002) , who introduced a hyperactive-talkative subtype in girls with no impairment.
Limitations
One of the limitations in this study design was the retrospective assessment of childhood ADHD (K-SADS-PL past diagnosis) by the parents and the adolescents, which may have resulted in some recall bias. Furthermore, retrospective recall is difficult in general and when spread over a wide age range (12 years of age and younger), the exact symptom profile cannot be easily reconstructed. In addition, our analyses of symptom change were conducted using a subset of the larger cohort, a clinical cross-sectional design, and did not determine the change in disease pattern by age at a general population level.
The second limitation was that the SWAN questionnaire itself may have resulted in some sampling bias because there were ADHD-affected adolescents among SWAN controls and vice versa. There are several explanations for the presence of ADHD cases among SWAN controls, and vice versa. The SWAN probes for current ADHD symptoms so that adolescents who may have had symptoms in childhood but not in adolescence would be classified as controls based on the SWAN, but possibly ADHD based on childhood behavior. There were nine adolescents among SWAN controls who had childhood ADHD based on clinical interview of retrospective behavior (but did not demonstrate symptoms in adolescence). Furthermore, sometimes the interviewers noticed that the parents were not aware of ADHD symptoms in their adolescent, but the adolescent himor herself reported these problems and endorsed ADHD-like behavior. Again, the SWAN survey was completed by parent informants only. There were also adolescents in the SWAN cases group who did not meet criteria for ADHD; many of these adolescents had symptoms of anxiety or depression, which may be picked up as ADHD-like symptoms by their parents who completed the SWAN.
The third limitation was that there were not enough girls in every subtype group for a rigorous exploration of sex differences. Thus, the results on sex differences may have limited power in the present analyses and require further investigation in larger samples.
Clinical Implications
ADHD may be persistent from childhood to adolescence, and potential indicators of persistence include endorsement of dreamy-like symptoms, paternal attentional problems, early-onset depression, and oppositional disorder. Perhaps most interesting in terms of clinical implications is the stability of the dreamy-like symptoms across age, within combined and inattentive subtypes, and their potential relationship with a cognitive construct associated with ADHD, working memory. These findings would suggest that targeting these symptoms specifically or perhaps working memory deficits in ADHD may be of vital importance in reducing impairment. Children presenting with combined subtype are likely to represent a greater extreme along an ADHD trait continuum and potentially greater at-risk group for impairment associated with the condition.
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